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(54) Optical fiber switch

(57) An optical fiber switch of the present invention
is composed of a fixed side ferrule assembly and a mov-
able side ferrule assembly. The fixed side ferrule assem-
bly is composed of a multiplicity of lined-up sleeves 12,
a fixed side ferrule support plate 10 for two-dimension-
ally disposing the sleeves 12 on an X - Y plane and sup-
porting them and a multiplicity of fixed side optical fiber
ferrules 13 which are inserted into the lined-up sleeves

and supported thereby. The movable side ferrule as-
sembly includes X, Y-axis drive mechanism for support-
ing the movable side optical fiber ferrule 29 and relative-
ly two-dimensionally moving it on an X - Y plane with
respect to the fixed side ferrule assembly and a Z-axis
drive mechanism A for relatively moving it in a direction
(Z-direction) orthogonal to the plane. The movable side
optical fiber ferrule 29 is detachably moved to an arbi-
trary sleeve 12 of the fixed side ferrule assembly.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an optical fiber
switch used to the watch of an optical fiber communica-
tion system and to a light measuring instrument. In par-
ticular, the present invention relates to a multi-circuit op-
tical fiber switch with several hundreds or more of
switching circuits which is intended to increase an op-
erating speed, enhance reliability and optical capability,
make maintenance and recovery easy, and reduce a
size.

2. Description of the Related Art

[0002] Papers (B-973), (B-974) and (B-975) which
were reported in Electronic Society Meeting of The In-
stitute of Electronics, Information and Communication
Engineers held in 1996 proposed a multi-circuit switch
having a great many number of switching circuits. FIG.
7, FIG. 8 and FIG. 9 are schematic views explaining the
conventional multi-circuit switch, wherein FIG. 7 is a
plan view explaining the principle of the multi-circuit
switch, FIG. 8 is a front sectional view explaining the
principle of the multi-circuit switch shown in FIG. 7 and
FIG. 9 is another front sectional view explaining the prin-
ciple of the multi-circuit switch, likewise. The conven-
tional multi-circuit switch is composed of a linearly mov-
ing type multi-circuit switch using optical fibers and
lined-up V-shaped-groove arrays.
[0003] A necessary number of V-shaped-groove ar-
rays 3, 3 · · · 3 are disposed to the rectangular member
2 of a fixed side optical fiber assembly and processed
at right angles to the longitudinal direction of the rectan-
gular member 2. Fixed side optical fiber cables 8, 8 · · ·
8 are bonded and fixed to the rectangular member 2 so
that the optical fibers 1, 1 · · 1 at the extreme ends of
the optical fiber cables 8 are lined up in the V-shaped-
groove arrays 3. A screw rod 4 of a movable side optical
fiber assembly is driven by a not shown stepping motor.
A screw hole 5 is formed to a slide block 7 so that it is
meshed and engaged with the screw rod 4. The extreme
end of a movable side optical fiber cable 9 and the ex-
treme ends of the optical fibers 6 at the extreme ends
of the optical fiber cables 8 are projected from the slide
block 7 and fixed thereto.
[0004] FIG. 8 shows a state that the movable side op-
tical fiber 6 is connected to the fixed side optical fiber 1.
The slide block 7 is slightly rotated in the direction of an
arrow (clockwise) by a not shown actuator to thereby
press the movable side optical fiber 6 against a V-
shaped groove 3 and they are connected to each other
while matching optical axes of the movable side optical
fiber 6 and the fixed side optical fiber 1. FIG. 9 shows a
state that the movable side optical fiber 6 is disconnect-

ed from the fixed side optical fiber 1. The slide block 7
is slightly rotated by the not shown actuator in the direc-
tion of an arrow (counterclockwise) to thereby displace
upward and move the movable side optical fiber 6 from
the V-shaped groove 3.
[0005] The conventional switch proposes to selective-
ly connect many circuits and the optical fiber switch is
arranged as a linearly moving type switch using the op-
tical fibers and the lined-up V-shaped-groove arrays.
However, there are many drawbacks to practically use
the multi-circuit switch.
[0006] A first drawback is that the optical fibers are
liable to be broken because they have a very thin diam-
eter of 0.125 mm.
[0007] A second drawback is that it is difficult to cause
the extreme end of the movable side optical fiber to
come into intimate contact with the V-shaped groove on-
ly by the bending force of the movable side optical fiber.
Further, the absolute value of insertion loss and the dis-
persion thereof are liable to increase because it is diffi-
cult to prevent the deposition of dust in the V-shaped
groove. This fact has been confirmed by the experiment
executed by the inventors of the present invention.
[0008] A third drawback is that if, for example, 1 3

400 switches are arranged by disposing 8-wire ribbon
optical fibers at intervals of 3.2 mm in the arrangement
of a multi-circuit switch, a length of 160 mm is required
only by the section where the V-shaped grooves of a
fixed side optical fiber mounting plate are formed. Thus,
it is impossible to reduce the size of an optical fiber
switch.
[0009] A fourth drawback is that when there is a dif-
ference between the coefficients of linear thermal ex-
pansion of the rectangular member 2 for mounting the
fixed side optical fibers and the screw rod 4 or when
these components are placed in environments having a
different temperature, an amount of positional displace-
ment between the V-shaped groove and the movable
side optical fiber is increased and an increase in the
number of circuits makes the positional displacement
more remarkable. As a result, there is a possibility that
the movable side optical fiber cannot be accurately guid-
ed into the V-shaped groove and is broken by strain.
[0010] A fifth drawback is that since the slide block 7
is driven by the screw rod 4 which is driven by the step-
ping motor, the operation speed of the slide block 7 can-
not be made so fast. When for example, the diameter of
the screw rod 4 is 6 mm and the screw pitch thereof is
1 mm, the stepping motor must make 160 revolutions to
move the slide block 7 by 160 mm. Many of stepping
motors used for the above purpose require 500 pulses
to make one revolution. If it is supposed that the number
of input control pulses is 4000 pulses/sec. when this
type of the motor is used, the stepping motor makes 8
revolutions per second. As a result, 20 seconds are nec-
essary to cause the stepping motor to make 160 revo-
lutions even if a motor accelerating and decelerating
times are not taken into consideration. Accordingly, the
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stepping motor is not suitable for the application which
requires a high speed operation.
[0011] A sixth drawback is that in the linearly moving
type multi-circuit switch which employs the optical fibers
and the lined-up V-shaped arrays, there is increased
probability that the optical fibers are partially broken.
Therefore, the optical fibers must be replaced and re-
paired. However, the replacement and repair of fixed
side ribbon optical fibers are not easy, although the mov-
able side ribbon optical fibers can be relatively easily
replaced and repaired.
[0012] The linearly moving type multi-circuit switch
using the optical fibers and the lined-up V-groove-
shaped arrays designed based on the conventional idea
has problems in reliability as described above and there
are many technical problems to be solved to practically
use the switch. Accordingly, there has been desired to
realize a multi-circuit optical fiber switch of high reliabil-
ity which is designed based on a novel idea.
[0013] It is an object of the present invention to solve
the problems of the conventional multi-circuit optical fib-
er switch described above and provide a multi-circuit op-
tical fiber switch designed by a novel idea which has an
increased operational speed, enhanced reliability and
optical capability and a reduced size and can be easily
maintained and repaired.
[0014] It is another object of the present invention to
provide an optical fiber switch which has ferrules with
fixed side optical fibers and lined-up sleeves disposed
on X - Y rectilinear coordinates as well as can be driven
in X- and Y-axis directions simultaneously by means of
two-dimensional X - Y slide blocks which are driven in
X- and Y-axis directions by stepping motors.
[0015] It is still another object of the present invention
to provide a multi-circuit optical fiber switch of high reli-
ability which is arranged such that a ferrule with a mov-
able side optical fiber is attached to an actuator driven
in a Z-axis direction and selectively inserted into a lined-
up sleeve located at an arbitrary coordinate position so
that it can be connected a ferrule with a fixed side optical
fiber inserted into the lined-up sleeve.
[0016] It is a further object of the present invention to
provide a multi-circuit optical fiber switch of high relia-
bility which uses, as its basic components, ferrules with
optical fibers and lined-up sleeves, which have been
used as a part of an APC (angled physical contact) op-
tical connector having been completed to a high techni-
cal level, and has a connecting capability as high as that
of the APC optical connector. It should be noted that the
term "physical contact" means to contact physically and
thus the apex of the optical fiber in the APC is polished
to an inclined spherical shape.
[0017] To this end, according to one aspect of the
present invention, there is provided a multi-circuit opti-
cal fiber switch, comprising a fixed side ferrule assembly
composed of a multiplicity of lined-up sleeves, a fixed
side ferrule support member for two-dimensionally dis-
posing the sleeves on an X - Y plane and supporting

them and a multiplicity of fixed side optical fiber ferrules
inserted into the lined-up sleeves and supported there-
by, and a movable side ferrule assembly for supporting
a movable side optical fiber ferrule and relatively two-
dimensionally moving it on the X - Y plane with respect
to the fixed side ferrule assembly as well as moving it in
a direction (Z-direction) orthogonal to the X - Y plane by
a Z-direction drive mechanism to thereby move the mov-
able side optical fiber ferrule to an arbitrary sleeve of the
fixed side ferrule assembly so that it can be attached
thereto and detached therefrom.
[0018] A multi-circuit optical fiber switch, wherein the
fixed side ferrule support member is composed of a flat
plate member, stepped holes are formed to the flat sur-
face member in the numbers of M (M = 1, 2 · ·) and N
(N = 1, 2 · ·) in the lateral (X) direction and the longitu-
dinal (Y) direction of the surface of the flat plate member
so that they are orthogonal in the lateral direction and
the longitudinal direction and the fixed side optical fiber
ferrules are detachably inserted into the lined-up
sleeves disposed to the respective stepped holes and
fixed therein, and the movable side ferrule assembly
comprises a coupling plate having a pair of X-axis slide
blocks driven by a first stepping motor on a pair of slide
rails disposed on the back surface of the fixed side fer-
rule mounting plate assembly along the lateral (X) direc-
tion in parallel therewith, X-, Y-direction slide table as-
sembly composed of a Y-axis slide block driven by a sec-
ond stepping motor on a slide rail mounted on the cou-
pling plate at right angles in the longitudinal (Y) direc-
tion, and a Z-direction drive mechanism mounted on the
Y-axis slide block and reciprocating in a Z-direction,
whereby the multi-circuit optical fiber switch is arranged
as a 1 3 (M 3 N) orthogonally-disposed-type switch.
[0019] A multi-circuit optical fiber switch, wherein the
first stepping motor and the second stepping motor can
be driven at the same time to thereby cause the movable
side optical fiber ferrule to correspond to the arbitrary
fixed side optical fiber ferrule.
[0020] A multi-circuit optical fiber switch, wherein the
X-axis slide blocks of the orthogonally-disposed-type
optical fiber switch is driven by the power transmission
made by the mesh between a gear disposed to the shaft
of the first stepping motor mounted on the coupling plate
and meshed and a linear-tooth-shaped rack disposed
to the fixed side ferrule mounting plate assembly and
the Y-axis slide table is driven by the power transmission
made by the mesh between a gear disposed to the shaft
of the second stepping motor mounted on the coupling
plate and a linear-tooth-shaped rack disposed to the Y-
axis slide block.
[0021] An L 3 (M 3 N) orthogonally-disposed-type
multi-circuit optical fiber switch, wherein a plurality of the
movable side ferrule assemblies (L ≥ 2) are simultane-
ously used and the respective ones of the assemblies
are caused to correspond to L (M 3 N) pieces of the
fixed side ferrules so that the movable side optical fibers
can be simultaneously connected to the fixed side opti-
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cal fibers.
[0022] A multi-circuit optical fiber switch, wherein the
Z-direction drive mechanism reciprocating in the Z-di-
rection is composed of a latching solenoid for recipro-
cating an actuator rod by switching the polarity of a cur-
rent.
[0023] A multi-circuit optical fiber switch, wherein the
extreme end surfaces of the respective fixed side fer-
rules and movable side ferrules of the orthogonally-dis-
posed-type optical fiber switch are polished to inclined
spherical surfaces having an inclined angle of 4° or
more with respect to a surface orthogonal to an optical
axis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a side sectional view of an embodiment of
an optical fiber switch (1 3 400 circuits) according
to the present invention;
FIG. 2 is a bottom view of the switch of the embod-
iment;
FIG. 3 is an enlarged side sectional view of the Z-
direction drive mechanism of the switch of the em-
bodiment and shows a state that a movable side
ferrule with an optical fiber is not connected to fixed
side ferrules with optical fibers;
FIG. 4 is an enlarged side sectional view of the Z-
drive mechanism of the switch of the embodiment
and shows a state that the movable side ferrule with
the optical fiber is connected to the fixed side fer-
rules with the optical fibers;
FIG. 5 is a schematic view showing an example the
moving locus of the ferrule of the 1 3 400 circuit
optical fiber switch;
FIG. 6 is a schematic view showing an example the
moving locus of the ferrule of a 2 3 400 circuit op-
tical fiber switch arranged by the present invention;
FIG. 7 is a plan view explaining the principle of a
linearly moving type multi-circuit switch using a con-
ventional optical fibers and lined-up V-shaped-
groove arrays;
FIG. 8 is a front sectional view explaining the prin-
ciple of the multi-circuit switch shown in FIG. 7; and
FIG. 9 is another front sectional view explaining the
principle of the multi-circuit switch shown in FIG. 7.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0025] Embodiments of a multi-circuit optical fiber
switch according to the present invention will be de-
scribed below in more detail with reference to the ac-
companying drawings and the like. FIG. 1 is a side sec-
tional view of an embodiment of the multi-circuit optical
fiber switch according to the present invention. The mul-
ti-circuit optical fiber switch of the embodiment is an op-
tical fiber switch having 1 3 400 circuits capable of con-

necting one movable side optical fiber to any arbitrary
one of 400 (20 3 20) fixed side optical fibers. FIG. 2 is
a backside view of the embodiment of the optical fiber
switch having the 1 3 400 circuits.
[0026] A fixed side ferrule mounting plate 10 consti-
tuting the ferrule mounting means of a fixed side ferrule
assembly has stepped holes 11 amounting to 400 piec-
es in total which are formed thereto orthogonally in a
lateral (X) direction and a longitudinal (Y) direction in the
number of 20 3 20 pieces. Lined-up sleeves 12 are in-
serted into the respective stepped holes 11 and fixed
therein. Fixed side optical fiber ferrules 13 having optical
fibers 14 attached thereto are inserted up to the central
portions of the lined-up sleeves 12. A presser plate 15
is used to fix the fixed side optical fiber ferrules 13 to the
fixed side ferrule mounting plate 10. The removal of the
presser plate 15 permits all of or any arbitrary one of the
optical fibers to be replaced or repaired.
[0027] A pair of X-axis slide rails 16 are disposed on
the back surface of the fixed side ferrule mounting plate
10 along the lateral (X) direction in parallel therewith. A
pair of X-axis slide blocks 17, 17 are linearly movably
engaged with the X-axis slide rails 16. A coupling plate
18 is used to couple the pair of X-axis slide blocks 17,
17 to move the pair of X-axis slide blocks 17, 17 inte-
grally with each other. A Y-axis slide rail 19 is mounted
on the coupling plate 18 in the longitudinal (Y) direction.
A Y-axis slide block 20 is linearly movably engaged with
the Y-axis slide rail 19. An X-axis linear-tooth-shaped
rack 23 is disposed on the back surface of the fixed side
ferrule mounting plate 10 along the lateral (X) direction
in parallel therewith. A first stepping motor 21 is fixed to
the coupling plate 18. A pinion gear 22 is disposed to
the extreme end of the rotational shaft of the first step-
ping motor 21 and meshed with the X-axis linear-tooth-
shaped rack 23. Therefore, the forward and reverse ro-
tation of the pinion gear 22 permits the coupling plate
18 mounted on the pair of the X-axis slide blocks 17, 17
to be optionally moved in the lateral (X) direction.
[0028] A second stepping motor 24 is fixed to a fixed
side optical fiber assembly at the illustrated position and
a pinion gear 25 is disposed to the extreme end of the
rotational shaft of the stepping motor 24. The Y-axis
slide rail 19 is fixed to the coupling plate 18 and the Y-
axis slide block 20 for supporting an adapter plate 26 is
supported by the Y-axis slide rail 19 so as to move in
the Y-axis direction. A Y-axis linear-tooth-shaped rack
27 is fixed to the adapter plate 26 along the longitudinal
(Y) direction in parallel therewith. The pinion gear 25 is
engaged with the Y-axis linear-tooth-shaped rack 27 by
being meshed therewith. Therefore, the forward and re-
verse rotation of the pinion gear 25 permits the adapter
plate 26 mounted on the Y-axis slide block 20 to be
moved in the longitudinal (Y) direction.
[0029] The modules of the pinion gears 22, 25 and the
tooth-shaped racks 23, 27 are set to 0.5, respectively
and the numbers of teeth of the pinion gear 22, 25 are
set to 30 and the diameters of the pinion gears 22, 25
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are set to 17.5 mm. Therefore, the X-axis slide blocks
17 and the Y-axis slide block 20 move about 55 mm each
time the pinion gears 22, 25 rotate once.
[0030] The section indicated by A in FIG. 1 shows the
Z-axis drive mechanism of a movable side ferrule as-
sembly. The Z-axis drive mechanism A of the movable
side ferrule assembly is mounted on the adapter plate
26 and can be optionally moved on an X-Y plane by the
aforesaid mechanism. Then, the movable side ferrule
assembly is reciprocated in a direction (Z) orthogonal to
the X-Y plane (= ferrule optical axis direction) by the Z-
axis drive mechanism which will be described below in
detail at respective positions.
[0031] Next, the Z-axis drive mechanism A of the
movable side ferrule assembly will be described in more
detail with reference to FIG. 3 and FIG. 4. FIG. 3 is an
enlarged side sectional view showing the relationship
between the Z-axis drive mechanism and an arbitrary
fixed side optical fiber ferrule in the switch of the em-
bodiment, wherein a ferrule with a movable side optical
fiber is not connected to the ferrule with the fixed side
optical fiber. FIG. 4 is an enlarged side sectional view of
the Z-axis drive mechanism, wherein the ferrule with the
movable side optical fiber is connected to the ferrule with
the fixed side optical fiber.
[0032] As shown in FIG. 1, the Z-axis drive mecha-
nism A is mounted on the adapter plate 26. The movable
side optical fiber ferrule 29 supports the optical fiber ca-
ble and has a flange section 29a disposed at the center
thereof. Formed to the extreme end of a ferrule holder
30 are a small diameter hole 31 for guiding the outside
diameter portion of the movable side optical fiber ferrule
29 and a stepped hole 33 for accommodating a coil
spring 32 for urging the movable side optical fiber ferrule
29. The movable side optical fiber ferrule 29 is inserted
into the ferrule holder 30 and assembled as shown in
FIG. 3 so that it is urged upward by the coil spring 32 at
all times. A guide bush 34 guides the ferrule holder 30
in an upward/downward (Z) direction and holds it.
Formed to the extreme end surface of the guide bush
34 are a small diameter hole 35 for guiding the outside
diameter portion of the movable side optical fiber ferrule
29 and a stepped hole 36 into which the ferrule holder
30 is inserted and held therein.
[0033] A latching solenoid 37 can reciprocate an ac-
tuator rod 38 inserted into the center thereof by switch-
ing the polarity of an instant current of 0.1 second or
less. The latching solenoid 37 has such a function that
it can remain at rest at both the ends of both strokes
while keeping a prescribed holding force. A coupling rod
39 couples the actuator rod 38 with the ferrule holder
30. A coupling plate 40 is used to couple the latching
solenoid 37 integrally with the guide bush 34 and mount-
ed on the adapter plate 26.
[0034] FIG. 3 shows a state that the actuator rod 38
of the latching solenoid 37 is located at the lower end of
the stroke. In this case, the ferrule holder 30 is pulled
down together with the ferrule 29 with the movable side

optical fiber by a distance corresponding to the stroke
S of the actuator rod 38. The extreme end surface of the
movable side optical fiber ferrule 29 can be released
from the connection thereof to the extreme end surface
of a ferrule 13 with a fixed side optical fiber as well as
the movable side optical fiber ferrule 29 can move in X-
and Y-directions by setting related dimensions to permit
the extreme end surface of the movable side optical fiber
ferrule 29 to be pulled out from the lower surface of the
fixed side ferrule mounting plate 10 about 0.5 mm.
[0035] FIG. 4 shows a state that the actuator rod 38
of the latching solenoid 37 is located at the upper end
of the stroke and the extreme end surface of the ferrule
29 with the movable side optical fiber is connected to
the extreme end surface of the ferrule 13 with the fixed
side optical fiber. In this case, the ferrule holder 30 is
pulled up by the distance corresponding to the stroke S
of the actuator rod 38 together with the ferrule 29 with
the movable side optical fiber. As a result, the extreme
end surface of the ferrule 29 with the movable side op-
tical fiber can be urged against the extreme end surface
of the ferrule 13 with the fixed side optical fiber and con-
nected thereto by the force of the coil spring.
[0036] It should be noted that the extreme end surface
41 of the fixed side optical fiber ferrule 13 and the ex-
treme end surface 42 of the ferrule 29 with the movable
side optical fiber are polished to inclined spherical sur-
faces having an inclined angle of 4° or more with respect
to a surface orthogonal to an optical axis in order to
greatly reduce harmful return light which is generated,
when the fixed side optical fiber is connected to the mov-
able side optical fiber, on the connected surface by Fres-
nel reflection.
[0037] FIG. 5 shows an example of the moving locus
of the movable side optical fiber ferrule of the above op-
tical fiber switch having the 1 3 400 circuits. The ferrules
with the fixed side optical fibers of the 1 3 400 circuit
optical fiber switch according to the present invention
are disposed in the number of M = 20 in the lateral (X)
direction and in the number of N = 20 in the longitudinal
(Y) direction. Each of the ferrules is composed of an MU
(miniature unit-coupling) type optical fiber ferrule having
an outside diameter of 1.25 mm and adjacent pitches
are set to 2.67 mm in both the lateral (X) direction and
the longitudinal (Y) direction. Therefore, the size of the
switch can be greatly reduced because the maximum
disposing dimension of the ferrules is 50.73 mm 3 50.73
mm.
[0038] With the above arrangement, the ferrule with
the movable side optical fiber can linearly move in a min-
imum distance in an oblique direction as shown by the
arrow in the figure. As described above, the multi-circuit
optical fiber switch of the present invention employs the
drive mechanisms of the X-axis slide blocks and the Y-
axis slide block each composed of the tooth-shaped
rack and the pinion gear as the moving means of the
ferrule with the movable side optical fiber. When the
maximum dimensions of the ferrules with the fixed side
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optical fibers of the embodiment are 50.73 mm 3 50.73
mm in the lateral (X) direction and the longitudinal (Y)
direction, the number of revolution of the stepping motor
necessary to move the ferrule with the movable side op-
tical fiber 50.73 mm is about 0.9. Thus, the optical fiber
switch of the embodiment can perform a switching op-
eration at a speed which is greatly higher than that of
the conventional linearly moving type multi-circuit opti-
cal fiber switch employing the screw/nut drive system.
[0039] For example, as shown by the arrow, the actu-
ally measured value of the operating speed necessary
to move the ferrule with the movable side optical fiber
from a ferrule with a fixed side optical fiber located at a
point (X · Y) = (1 · 1) to a ferrule with a movable side
optical fiber located at a point (X · Y) = (20 · 20) which
is farthest from the above point was about 0.9 second
including an accelerating time and a decelerating time
and the actually measured value of the operating speed
between respective adjacent pitches was 0.3 second or
less.
[0040] FIG. 6 is a view showing another embodiment
of the multi-circuit optical fiber switch of the present in-
vention, that is, an optical fiber switch having 2 3 400
circuits or an optical fiber switch having (1 3 200) 3 2
circuits. The 2 3 400 circuit optical fiber switch is ar-
ranged such that ferrules with fixed side optical fibers
are disposed in the number of M = 10 in the lateral (X)
direction and in the number of N = 20 in the longitudinal
(Y) direction and two ferrules with movable side optical
fibers are disposed at the points B and C on X - Y coor-
dinates shown in FIG. 6. In this case, the embodiment
can be simply arranged by disposing two ferrule holders
30 to the aforesaid one guide bush 34 without using in-
dividual X-, Y-direction drive mechanisms and individual
Z-direction drive mechanisms. That is, even if there are
the two movable side optical fibers, they can be driven
by each one set of the X-,Y-direction drive mechanism
and the Z-direction drive mechanism.
[0041] The above embodiment will be summarized as
mentioned below. That is, the optical fiber switch of the
embodiment is a 2 3 (M 3 N) orthogonally-disposed-
type optical fiber switch which includes a fixed side fer-
rule mounting plate assembly composed of a flat plate
member 10 which has stepped holes 11 formed thereto
orthogonally in the number of M (M = 1, 2 · ·) in the lon-
gitudinal (Y) direction of the surface of the flat plate
member 10 and in the number of N (N = 2 · ·) in the
lateral (X) direction thereof, the stepped holes 11 having
lined-up sleeves 12 and ferrules 13 with fixed side opti-
cal fibers inserted into the sleeves 12 and detachably
fixed thereby, X-, Y-axis slide roller table assembly com-
posed of an X-axis slide roller tables which are driven
by a stepping motor 21 on a pair of slide rails 16 dis-
posed on the back surface of the flat plate member 10
along the lateral (X) direction in parallel therewith and a
Y-axis slide roller table (Y-axis slide block 20) which is
driven by another stepping motor 24 on a slide rail 19
disposed to the X-axis slide roller tables, likewise, and

a movable side ferrule assembly composed of a latching
solenoid 37 mounted on the Y-axis slide roller table and
reciprocating an actuator pin in a direction (Z) orthogo-
nal to an X - Y plane and the ferrules 29 with the movable
side optical fibers engaged with the actuator pin so as
to be associated therewith, wherein when the X-axis
slide roller table and the Y-axis slide roller table are driv-
en simultaneously, the movable side ferrules 29 can be
connected to a pair of fixed side ferrules 13 located at
arbitrary positions.
[0042] The features of the multi-circuit optical fiber
switch of the present invention will be summarized as
mentioned below. Since the ferrules with the optical fib-
ers and the lined-up sleeves, which have been used as
the parts of the APC optical connector having been com-
pleted to the high technical level, are used as the basic
components of the switch, the switch has an average
connecting insertion loss within 0.5 dB, a reflected re-
turn light loss of -68 dB or less. Accordingly, the switch
has an optical capability and an environment resistant
capability which are as excellent as that of the APC light
connector. The miniaturization of the switch and the in-
crease of the switching operation speed thereof can be
realized by such an arrangement that the ferrules with
the fixed side fibers and the lined-up sleeves are dis-
posed to the X - Y rectilinear coordinates as well as the
ferrule with the movable side optical fiber is attached to
the actuator driven in the Z-axis direction in the two-di-
mensionally movable X-, Y-slide blocks.
[0043] Since the switch is not arranged as the linearly
moving type switch using the optical fibers which are li-
able to be broken and the lined-up V-shaped grooves
as used in the prior art but uses the ferrules with the
APC optical fibers composed of the optical fibers at-
tached to the ferrules having sufficient mechanical rigid-
ity, it is ensured that the reliability of the switch to break-
age can be improved. Further, if a switch operation part-
ly fails, only a faulty ferrule with an optical fiber or a faulty
lined-up sleeve can be simply replaced and repaired.
[0044] As described above in detail, the embodiments
of the multi-circuit optical fiber switch of the present in-
vention use the ferrules with the optical fibers used to
the APC optical connector which has been completed
to the high technical level and the lined-up sleeves as
the basic components of the switch. Then, the fixed side
optical fiber ferrules and the lined-up sleeves are dis-
posed on the X - Y rectilinear coordinates as well as the
two-dimensionally movable X-, Y-slide blocks which are
driven in the X- and Y-axis directions by the stepping
motors are used. The ferrule with the movable side op-
tical fiber is attached to the actuator driven in the Z-di-
rection in the above slide blocks. The ferrule with the
movable side optical fiber can be inserted into a lined-
up sleeve located at an arbitrary position on the coordi-
nates and connected to the fixed side optical fiber ferrule
inserted into the lined-up sleeve. Accordingly, even in a
multi-circuit optical fiber switch having several hundred
or more of switching circuits, the size of the switch can
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be reduced, the speed of switching operation thereof
can be increased, the optical performance and the reli-
ability to breakage thereof can be improved as well as
the switch can be easily maintained and repaired.

Claims

1. A multi-circuit optical fiber switch, comprising:

a fixed side ferrule assembly composed of a
multiplicity of lined-up sleeves, a fixed side fer-
rule support member for two-dimensionally dis-
posing the sleeves on an X - Y plane and sup-
porting them and a multiplicity of fixed side op-
tical fiber ferrules inserted into the lined-up
sleeves and supported thereby; and
a movable side ferrule assembly for supporting
a movable side optical fiber ferrule and relative-
ly two-dimensionally moving it on the X - Y
plane with respect to the fixed side ferrule as-
sembly as well as moving it in a direction (Z-
direction) orthogonal to the X - Y plane by a Z-
direction drive mechanism to thereby move the
movable side optical fiber ferrule to an arbitrary
sleeve of the fixed side ferrule assembly so that
it can be attached thereto and detached there-
from.

2. A multi-circuit optical fiber switch according to claim
1, wherein:

the fixed side ferrule support member is com-
posed of a flat plate member, stepped holes are
formed to the flat surface member in the num-
bers of M (M = 1, 2 · ·) and N (N = 1, 2 · ·) in the
lateral (X) direction and the longitudinal (Y) di-
rection of the surface of the flat plate member
so that they are orthogonal in the lateral direc-
tion and the longitudinal direction and the fixed
side optical fiber ferrules are detachably insert-
ed into the lined-up sleeves disposed to the re-
spective stepped holes and fixed therein; and
the movable side ferrule assembly comprises:

a coupling plate having a pair of X-axis
slide blocks driven by a first stepping motor
on a pair of slide rails disposed on the back
surface of the fixed side ferrule mounting
plate assembly along the lateral (X) direc-
tion in parallel therewith;
X-, Y-direction slide table assembly com-
posed of a Y-axis slide block driven by a
second stepping motor on a slide rail
mounted on the coupling plate at right an-
gles in the longitudinal (Y) direction; and
a Z-direction drive mechanism mounted on
the Y-axis slide block and reciprocating in

a Z-direction,
whereby the multi-circuit optical fiber
switch is arranged as a 1 3 (M 3 N) orthog-
onally-disposed-type switch.

3. A multi-circuit optical fiber switch according to claim
2, wherein the first stepping motor and the second
stepping motor can be driven at the same time to
thereby cause the movable side optical fiber ferrule
to correspond to the arbitrary fixed side optical fiber
ferrule.

4. A multi-circuit optical fiber switch, wherein the X-ax-
is slide blocks of the orthogonally-disposed-type
optical fiber switch according to claim 2 is driven by
the power transmission made by the mesh between
a gear disposed to the shaft of the first stepping mo-
tor mounted on the coupling plate and meshed and
a linear-tooth-shaped rack disposed to the fixed
side ferrule mounting plate assembly and the Y-axis
slide table is driven by the power transmission
made by the mesh between a gear disposed to the
shaft of the second stepping motor mounted on the
coupling plate and a linear-tooth-shaped rack dis-
posed to the Y-axis slide block.

5. An L 3 (M 3 N) orthogonally-disposed-type multi-
circuit optical fiber switch, wherein a plurality of the
movable side ferrule assemblies (L ≥ 2) according
to claim 2 are simultaneously used and the respec-
tive ones of the assemblies are caused to corre-
spond to L (M 3 N) pieces of the fixed side ferrules
according to claim 2 so that the movable side optical
fibers can be simultaneously connected to the fixed
side optical fibers.

6. A multi-circuit optical fiber switch according to claim
1, wherein the Z-direction drive mechanism recip-
rocating in the Z-direction is composed of a latching
solenoid for reciprocating an actuator rod by switch-
ing the polarity of a current.

7. A multi-circuit optical fiber switch according to claim
1, wherein the extreme end surfaces of the respec-
tive fixed side ferrules and movable side ferrules of
the orthogonally-disposed-type optical fiber switch
are polished to inclined spherical surfaces having
an inclined angle of 4° or more with respect to a
surface orthogonal to an optical axis.
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